Summary. Seminal These results suggest that bull seminal plasma can regulate phagocytic ingestion of spermatozoa. While the mechanism of this regulation remains obscure, it may be important in providing protection to spermatozoa immediately after ejaculation.
Introduction
Since early observtions documenting the removal of spermatozoa by the female genital tract (Sobotta, 1895, as cited by Austin, 1957) , studies have further characterized events leading to elimination of those spermatozoa not successful at fertilization. Sperm removal has been shown to occur by degradation, uterine evacuation (Blandau & Odor, 1949; Austin, 1957) and phagocytic ingestion (Austin, 1957; Howe & Black, 1963; Bedford, 1965; Marcus, 1966) . However, these events, including the requirements needed for the phagocytic ingestion of spermatozoa, are not well defined (Olive et ai, 1987) .
Contamination of semen by microorganisms is common (Fowler & Mariano, 1984; Busolo et ai, 1984) , and it is possible that spermatozoa may carry microflora into the female genital tract (Friberg & Fullan, 1983; Busolo et ai, 1984) . The female genital tract must restrict microflora growth while ensuring optimal conditions for sperm survival. Control of uterine bacterial growth by immunoglobulins can occur either directly by blocking attachment sites and preventing bacteria from binding to the epithelium, or indirectly by agglutination and opsonization of bacteria for phagocytic ingestion (Parr & Parr, 1985) . Similar mechanisms can also be proposed for the removal of spermatozoa. It appears that the polymorphonuclear leucocyte plays a major role in both bacterial and sperm removal (Hawk et ai, 1960; Menge et ai, 1962; Parr et ai, 1967) . Obviously, factors modulating neutrophil response would influence this removal. Complement, which can facilitate opsonization of bacteria, also restricts sperm survival in the female reproductive tract (Bedford & Witkin, 1983) . The importance of the leucocyte in this restriction is debatable (Bedford & Witkin, 1983 ).
The immunosuppressive effects of seminal plasma factors are well known (Matousek, 1985; Alexander & Anderson, 1987) , and may aid sperm survival in the female genital tract. While having a possible advantage to sperm survival, seminal plasma factors may also impair microflora control. Information concerning the effects of seminal plasma on phagocyte function is limited (Alexander & Anderson, 1987) .
In the present study, the modulation of neutrophil phagocytic ingestion of spermatozoa by bovine seminal plasma was assessed and verified with an antibacterial assay.
Materials and Methods
Seminal plasma and sperm preparation. Semen was collected by an artificial vagina from fertile bulls undergoing progeny testing (Atlantic Breeder's Cooperative, Lancaster, PA, USA). Upon collection, semen was immediately assessed for concentration, motility and morphology. Citrated blood (10 ml of 3-8% sodium citrate in 50 ml blood) and blood for serum were obtained from the jugular vein.
On reaching the laboratory (~1 h), the semen was centrifuged for 20min at 1000g. Seminal plasma was recentrifuged at 10 000 g for 30 min at 4°C. The supernatant was filter-sterilized (0-22 pm) (Hoffman & Bullock, 1973) . Values were reported as the geometric means with 95% confidence levels (Sokal & Rohlf, 1981 (Sokal & Rohlf, 1981) . Differences between treatments (P < 005) were determined by Least Significant Difference (Sokal & Rohlf, 1981 Large neutrophil-sperm aggregates were noticed when fresh serum was added to spermatozoa (Fig. la) . Counts could not be made from the dense aggregates, thus preventing a respresentative scoring. Aggregate formation was greatly diminished with a reduced incubation time (Fig. lb) . Therefore, the reduced incubation time was adopted for all subsequent experiments. In samples (Fig. Id) , but the degree of activation was noticeably less than seruminduced activation (Fig. lc) . Non-dialysed seminal plasma had inherent bactericidal activity (Table 1) , masking any poten¬ tial inhibition of neutrophil function. Subsequent experimentation showed that the bactericidal activity could be removed by dialysis.
Experiment 2
A dose-response of dialysed seminal plasma was measured using the sperm phagocytic assay (Table 2 ). All concentrations of seminal plasma decreased serum-dependent phagocytic activity (P < 001). When seminal plasma concentrations were increased to 50%, serum-induced phago¬ cytic activity was not different (P > 001) from the activity of neutrophils in seminal plasma or buffer alone. Treatment effects were not impaired by animal effects (P > 0-55). Because both fresh and heated serum initiated a phagocytic response to spermatozoa in Exp. 1, the association of immunoglobulins with spermatozoa was investigated (Griffin, 1982 (Table 3) . After ether extraction, phagocytic activity increased but the activity was less than for serum alone [P < 001). 
Discussion
This study has demonstrated the inhibition of bovine neutrophil phagocytosis by seminal plasma. Since neutrophils normally move to their 'prey' (Verhoef & Waldvogel, 1985) , movement may be mistaken for the early stages of phagocytosis (Griffin, 1982) . Therefore, a bactericidal assay which has no extracellular killing activity can lend additional support for the determination of sperm phagocytosis. Before dialysis, seminal plasma was found to be bactericidal. Bactericidal activity may be due to seminalplasmin (Scheit & Zimmer, 1984) , a calcium-transport inhibitor (Lewis et ai, 1985) , or spennine cytotoxic oxidation products from amine oxidase activity of bovine serum (Allen & Roberts, 1986) . After dialysis, seminal plasma was not bactericidal and was not toxic to neutrophils incubated for 2 h in seminal plasma before assay or to neutrophils in the presence of serum. It is possible that spermine or its oxidation products may change neutrophil metabolism (Allen & Roberts, 1986) without altering Trypan blue exclusion.
The chemiluminescent response of zymosan-challenged neutrophils and macrophages, an indicator of microbicidal activity, is inhibited by human seminal plasma (James et (Schopf et ai, 1984) . The inhibitory activity in the present study, was heat-stable to 56°C but did not appear to be long lasting as neutrophil bactericidal activity was present after a 2-h preincubation with seminal plasma. Protein components in bovine seminal plasma suppress Concanavalin -induced blastogenesis (Fahmi et ai, 1985) . An ether-extractable component of bovine seminal plasma was also immunosuppressive, suggestive of a prostaglandin effect (Fahmi et ai, 1985) . Although prostaglandins can also affect neutrophil function (Till et ai, 1979) , results from this study suggest that another component is also inhibitory because ether treatment reduced but did not remove the antiphagocytic activity. The mechanism of inhibition is not clear. Proteases are present in seminal plasma (Polakoski & Kopta, 1982) . A protease, by altering neutrophil receptor activity, may be responsible for the inhibition. The inhibition would probably depend on constant exposure to seminal plasma since macrophages may recycle specific receptors (Molnar et ai, 1987) . A protein in human seminal plasma can complex immunoglobulin G (Witkin et ai, 1983) . Reduced staining for immuno¬ globulins on sperm cells in the presence of seminal plasma as seen in this study suggests a similar activity in the bull. It should be noted though that serum is not a normal component of the reproductive tract. Therefore, a definition of phagocytic requirements for spermatozoa is needed before it can be determined whether this activity will inhibit phagocyte function. Seminal plasma may also coat the sperm cell, reducing recognition. A sperm-coating antigen from the seminal vesicle of men and rabbits has been postulated to reduce sperm antigenicity by binding tightly to the cell surface (Weil & Stefanovic, 1969) . If a coating mechanism occurs in the bull, the ligand does not appear to bind tightly because washed spermatozoa were readily ingested by neutrophils in the presence of serum.
A major difficulty in the interpretation of sperm phagocytosis was the formation of large neutrophil aggregates and sperm agglutination when serum was used alone. Heating serum (56°C for 30 min) improved scoring, indicating that sperm ingestion is not dependent on complement. A decreased incubation time in fresh serum also reduced aggregate formation allowing interpretation and mimicry of in-vivo conditions more closely. The assay should be helpful in determining events needed for the sperm-phagocyte interaction. An advantage of the present system is the scoring of neutrophils ingesting one of a number of agglutinated spermatozoa. Use of a neutrophil monolayer system (Raynor et ai, 1981) Spermatozoa are readily ingested by vaginal leucocytes (Phillips & Mahler, 1977a) and epithelial cells (Phillips & Mahler, 1977b ). An antiphagocytic action of seminal plasma would be beneficial to sperm survival in the female genital tract. Isolation of the inhibitory component(s) may be of particular value to the artificial insemination industry in providing increased sperm survival and/or in allowing a larger number of inseminations from an ejaculate.
